Research Motivation: Gastroesophageal reflux disease (GERD) is a well-recognised cause of respiratory symptoms in children. Confirming a diagnosis of reflux aspiration remains difficult, due to limitations in currently available investigations. The presence of pepsin in respiratory secretions has been documented in literature as a marker of reflux aspiration; however the correlation of pepsin assay results with clinical outcomes has not previously been reported. Aim: This study investigates the way in which results of pepsin assays influence the management of children with suspected reflux aspiration, as well as clinician attitudes towards pepsin assay. Methodology: Retrospective chart review of 318 patient records from January 2005 -December 2009, at Sydney Children's Hospital. Pepsin assay results were compared with results from other standard investigations for GERD. Findings: Children with GERD and respiratory symptoms were 1.8 times as likely to be positive for pepsin compared to children without respiratory symptoms (OR 1.8, 95% C.I. = 1.09 -2.96). A significantly greater quantity of pepsin was detected in tracheal aspirates of children with GERD and respiratory symptoms compared to those without (median 43, 0-996FU, p=0.002). In children with GERD and respiratory symptoms, pepsin assay, unlike standard GERD investigations was the only tool found to have statistical significance as a marker of possible reflux aspiration. Clinicians found the pepsin assay to be useful in the management of children with suspected reflux aspiration. Implications: The findings of this study show that the pepsin assay helps in the assessment of children with GERD and respiratory symptoms in who reflux aspiration are suspected.
Introduction
Gastroesophageal reflux disease (GERD) is a well-recognised cause of respiratory symptoms in children and is known to exacerbate pre-existing respiratory disease 1. The respiratory system is affected in a range of ways including bronchoconstriction, pneumonia, asthma, otolaryngotic infections, apnoea, chronic nasal congestion and chronic cough 2 . 60 -70% of children have experienced at least one episode of prolonged esophageal exposure to refluxate by the age of 4 months, which can lead to complications such as chronic respiratory disease 3 . The detection of pepsin in respiratory and otolaryngologic secretions has been reported in the literature as accurate markers for reflux aspiration as they are not normally found in the respiratory tract and their presence indicate the aspiration of gastric contents 4, 5 . The author 3 was one of the first to report that the use of pepsin assay in conjunction with standard investigations helps to more accurately diagnose reflux aspiration, in comparison to the use of standard investigations for GERD alone. In this study of children with reflux symptoms and respiratory disease, the authors found 84% of patients with respiratory disease and reflux symptom were pepsin positive. In contrast, 87% of children with respiratory disease but no reflux symptoms were pepsin negative. These data suggest that reliance on symptoms for the determination of reflux related respiratory disease, the use of pH monitoring to detect acid reflux alone or the use of gastroscopy to detect oesophagitis alone are imperfect for the establishment of causality between GERD and respiratory symptoms. Since then, several papers have commented on the role of pepsin as a marker of reflux aspiration including the recent joint ESPGHAN and NASPGHAN guidelines on the management of GERD in children 20, 21, 22, 23, 24, 25, 26 . However the correlation of pepsin assay with clinical management and outcomes has not previously been formally explored. This study investigates the way in which pepsin assays influence patient management and clinician attitudes towards pepsin assay within paediatric medicine.
Methods

Study Design
Three hundred and eighteen patient charts from 2007 -2009 were reviewed by the Sydney Children's Hospital in a retrospective chart review. All patients had symptoms suggestive of gastro esophageal reflux and some of these patients also had respiratory symptoms. Patients included had either laryngobronchoscopy (LB) or gastroscopy. Patients underwent tracheal aspirate pepsin assays whilst endotracheally intubated for these investigations.
Investigation Methods
Respiratory secretions were collected during LB or whilst the children were intubated for gastroscopy, after instilling 2mls of normal saline and suctioning into a sputum trap. The pepsin assay utilised was modified from the Twining 6 assay using fluorescein isothiocyanate casein (FITC). Information was collected about stand tests done to investigate GERD including pH probes, gastroscopy and barium meal. pH probe results were interpreted using the Vandenplas & Sacre-Smith 7 criteria and categorised as normal or abnormal. Gastroscopy was performed to exclude reflux esophagitis or eosinophilic esophagitis. Biopsies were considered abnormal if the biopsies showed evidence of reflux esophagitis as per the LA classification 28 . If the eosinophil count measured more than 20 in any high powered field, then a diagnosis of Eosinophilic Esophagitis was made 29 . Barium contrast studies were considered abnormal if reflux episodes were noted during the study. This modality is recognised as being neither a sensitive nor a specific marker for reflux disease, however it is widely used in the Australian hospital setting and results were included for completeness. Data were also collected on the medical and surgical treatments received by these patients for treatment of gastroesophageal reflux disease. Patients were categorised as having chronic respiratory symptoms if they had persistent cough, asthma, recurrent bronchitis or recurrent pneumonia.
Questionnaire
Questionnaires were completed by treating clinicians to assess their attitudes towards pepsin assays and the usefulness of pepsin assay results in altering their clinical management. Clinicians responding to the questionnaire included specialists from the fields of pediatric gastroenterology, general pediatrics, intensive care, pediatric respiratory medicine and Ear, Nose and Throat surgery. Details of questionnaires sent to the primary clinician involved in each patient's care are shown below.
Question 1:
Did you find the results of the pepsin assay to be helpful?
Did the results of the pepsin assay lead to an alteration in the treatment of your patient?
Did the results of the assay result in alteration of the anti-reflux medications that the patient was on?
Question 4: Did the results of the assay result in a fundoplication being performed on the patient?
Did you obtain any new diagnostic information from this assay which was not previously available?
Statistical Analysis
An Excel database was created to enter the data collected, and the results of standard GERD investigations and treatments were correlated with the results of pepsin assay.
Results were entered into an SPSS statistical software (Version 17, SPSS Inc, Chicago, IL); database and relevant statistics and graphs were calculated using the Chi squared test and Fisher exact test. A significance level of p <0.05 was chosen for statistical analysis.
Ethics
Ethics approval was received from the Research and Ethics Committee of the South Eastern Sydney Area Health Service.
Results
Pepsin assay
Patients were between the ages of 4 months and 13 years of age, 60% of patients were male. The mean age of children in the study was 3 years, 7 months with a median age of 2 years, 5 months as shown in Figure 1 .
Please see Figure 1 in the PDF version
Of the 318 patients, 111 patients had sampling of their respiratory secretions done during LB and the remaining had a tracheal aspirate collected post intubation for other procedures including gastroscopy in 83 patients. 160 patients (50%) tested positive for pepsin. Of those who had LB, 76% were pepsin positive, whilst 36% were positive for pepsin in those who had gastroscopy. The percentage of pepsin positivity was significantly higher in those undergoing LB compared to those undergoing gastroscopy (O.R 5.4, p < 0.05, 95% C.I 3.3 -9.7).
Standard Investigations
Twenty four hour pH probe monitoring was performed in 64 patients, gastroscopy in 83 patients and barium studies in 44 patients. Results of these investigations are summarised in Table  1 .
Please see Table 1 in the PDF version
In children positive for pepsin in tracheal aspirates, there was no significant difference in the prevalence of positive versus negative results on 'standard' investigations for GERD as shown in Figure Two .
Please see Figure 2 in the PDF version
Information regarding anti reflux therapy was available in 194 of the 318 patients studied. 45 (23%) of these patients were on antireflux medications at the time of respiratory secretion sampling. 206 patients had information collected regarding fundoplication. Eighteen (8.7%) of these patients had undergone fundoplication prior to tracheal aspirate sampling for pepsin assay. These 18 patients were being investigated for recurrence of reflux and respiratory symptoms. 8 (44%) of these 18 patients tested positive on pepsin assay despite previous fundoplication procedure and 5 of these patients had signs of oesophagitis on endoscopy and biopsy. Only 6 of these 8 patients had pH probe studies which were all normal (Figure three).
Please see Figure 3 in the PDF version
Respiratory Symptoms
Of the 318 patients, 88% had data collected on the presence of chronic respiratory symptoms. Of these patients, 178(63%) reported respiratory symptoms occurring within the three month period preceding tracheal aspirate sampling. 58% of those with positive pepsin assay had concomitant respiratory symptoms, whereas 40% of those with negative pepsin assay had respiratory symptoms (p= 0.023). Children with respiratory symptoms were 1.79 times more likely to be pepsin positive when compared to children without respiratory symptoms (OR 1.8, 95% C.I. = 1.09 -2.96).
When comparing positive pepsin assay results in children with respiratory symptoms in the whole group to the group of children without respiratory symptoms but with reflux symptoms alone, pepsin was significantly more likely to be detected in children with respiratory symptoms (OR 1.79, 95% CI 1.09-2.96. p=0.02) ( Figure Four) .
Please see Figure 4 in the PDF version
Pepsin was quantified and compared with respiratory symptoms which showed that a significantly greater quantity of pepsin was associated with the presence of respiratory symptoms in children ( Figure Five) .
Please see Figure 5 in the PDF version Please see Figure 6 in the PDF version Please see Table 2 in the PDF version received back -giving a response rate of 47%. There was an 82% response rate from gastroenterologists and a 23% response rate from other clinicians. The response to the first question showed that 95% of responding clinicians found the pepsin assay to be helpful in the treatment of their patients. 35% of respondents stated that the pepsin assay led to an alteration in patient management (Q2). 22.3% of clinicians responded that the pepsin assay result caused a change in the anti reflux medications the patient was prescribed (Q3). 10% of the responding clinicians found that the pepsin assay result led to fundoplication being performed for their patient (Q4) and 80% of clinicians felt that the assay provided new diagnostic information for their patient, which was not previously available from the results of the standard investigations performed (Q5).
Discussion
Aspiration related to gastroesophageal reflux disease (GERD) is known to cause both upper and lower respiratory tract symptoms in children. Reflux aspiration can induce bronchospasm and may result in recurrent chest infections 8, 9, 10 . The diagnosis of pulmonary aspiration secondary to reflux remains a challenge to clinicians. The diagnosis of reflux aspiration, prior to the advent of the pepsin assay, was often made with a combination of clinical, laboratory and radiological tests, such as 24 hour pH probe monitoring, barium swallow/meal and gastroscopy with biopsies. These tests can be indicative of GERD, but, unlike the pepsin assay, are not direct markers of reflux aspiration. The ideal test for reflux aspiration involves the detection of a marker within the lungs that should not be present within the tracheobronchial tree under normal conditions. This marker should be easily recovered and reliably detected following reflux aspiration. Lipid laden macrophages assayed from bronchoalveolar lavage (BAL) samples were previously used as a direct marker of reflux aspiration. This assay was found to be neither specific nor sensitive 4,3 , and is not able to differentiate between direct aspiration from reflux aspiration 13 .
Pepsin in the lungs has been proposed as a biomarker for reflux related lung disease. Pepsin assay has the potential to significantly improve the sensitivity and specificity of the current diagnostic approach to reflux aspiration in the clinical setting. Our group was one of the first to look at pepsin as a marker of reflux aspiration in children with GERD 4 . Subsequently a link between the detection of pepsin in BAL or tracheal aspirates and reflux aspiration has been demonstrated in several human and animal studies 11, 12, 31 .
This study showed no statistically significant difference in the prevalence of pepsin positivity among children with either positive or negative 'standard investigations' (pH probe, barium contrast radiography and gastroscopy results). A recent study by Rosen et al correlating pepsin assay results to the results of pH impedance monitoring and gastroscopy found results that were similar to our study with respect to gastroscopy; however the number of non-acid reflux events on MII testing did correlate with pepsin positivity 30 . This might be because MII is superior to pH monitoring in detecting GERD as it gives information on both acid and non acid reflux episodes 32 . The lack of correlation of pepsin results with gastroscopy is because endoscopy allows macroscopic assessment of the gastrointestinal tract while biopsy can demonstrate mucosal inflammation when present but it is not able to exclude reflux aspiration 14, 15 . Kaufman et al 16 noted that the amount of acid exposure required to cause respiratory mucosal inflammation is far less than that required to cause gastrointestinal mucosal inflammation. Further, it has been shown that the presence of pepsin in non-acidic refluxate can still cause mucosal damage when aspirated 17, 18 .As such, even relatively infrequent reflux aspiration events may result in pulmonary irritation and inflammation without causing endoscopically visible evidence of GERD or abnormal pH study results. The pepsin assay is capable of detecting pulmonary presence of pepsin even in cases of infrequent reflux aspiration.
This study looks at the role of pepsin assay in the clinical management of children with suspected extra esophageal reflux disease (EORD). In this study although overall 50% of the respiratory secretions collected tested positive for pepsin, of the specimens collected during a bronchoscopy, 76% were pepsin positive and children having an LB for the investigation of chronic respiratory symptoms was 5.4 times more likely to test positive for pepsin compared to those who were having a gastroscopy for GERD symptoms. This result is different to the Rosen study where only 44% of the specimens collected during bronchoscopy were pepsin positive. We postulate that this difference could be because, in the Rosen study all patients who presented to bronchoscopy for evaluation of reflux disease had samples collected for pepsin assay and their sampling was not limited to those with both reflux and respiratory symptoms. Our results were comparable to the Rosen study when they limited their sample size to patients with both respiratory and abdominal symptoms, when the sensitivity and specificity of the pepsin assay increased to 70% and 81% respectively.
In our study, children with respiratory symptoms were 1.8 times as likely to be positive for pepsin and have a significantly higher concentration of pepsin when compared to children without respiratory symptoms. This significance held true even when comparing the pepsin positivity between the groups with respiratory symptoms to those with reflux symptoms alone. In this study, patients testing positive for pepsin were more likely to be affected by respiratory symptoms (p=0.004). Of patients that were positive for pepsin, 58% had accompanying respiratory symptoms. Positive pepsin assay was the only investigation which was significantly associated with the presence of respiratory symptoms. This finding was not replicated when compared with the 'standard investigations'. These results suggest that pepsin assay may be a superior marker for reflux aspiration resulting in chronic respiratory symptoms in children with GERD when compared to standard investigations such as pH probe, barium contrast radiography and gastroscopy.
The clinician questionnaire had a low (47%) response rate, though it revealed interesting data. Clinicians involved in the study were able to use pepsin results in formulating appropriate management plans for their patient. Of all respondents, 95% found the pepsin assay to be useful and 80% found that the pepsin assay provided information on pulmonary aspiration that was not previously known. Both positive and negative pepsin results were found to be of use in clinical management, and alterations in medical management were made based on these results. As only 23% of patients were on anti reflux medications at the time of respiratory fluid sampling, a positive pepsin assay in a child who was not any anti reflux treatment led to the commencement of anti reflux medications in these patients, or optimisation of anti reflux treatment in those who were already on medications, either by increasing the doses of proton pump inhibitor (PPI) therapy, changing to twice a day PPI therapy, by the addition of prokinetics (erythromycin or domperidone), or by helping the clinician decide on the need for an anti reflux surgery. Positive results in symptomatic patients who had prior anti reflux surgery were thought to be indicative of unwrapping of prior fundoplication with consequent respiratory soiling by gastric secretions. Consequently, these patients were commenced on anti-reflux medications.
A negative pepsin result was also of help to clinicians to exclude reflux aspiration as a cause of chronic respiratory symptoms in a patient with GERD in whom a fundoplication was being considered due to the presence of chronic respiratory symptoms. A negative pepsin result was especially of value in neurologically impaired patients whose chronic respiratory symptoms are often secondary to direct aspiration, and not necessarily reflux aspiration. These neurologically impaired patients with a negative pepsin result, often subsequently had a video fluoroscopic swallow study, where the presence of direct aspiration led to a modification of their feeding either by the thickening of their feeds or gastrostomy placement.
Of responding clinicians, 15 of 148 had patients that proceeded to fundoplication following the results of the pepsin assay. In 5 patients from the study, a negative pepsin result prevented fundoplication from taking place. Of children who had previously undergone fundoplication, 10 from 18 tested negative for pepsin demonstrating effective fundoplication.
Although the questionnaire responses indicated that management was altered based on the pepsin assay in only 35% of cases, this may be due to a negative pepsin assay result confirming that the patients' current anti reflux treatment regime was appropriate. The pepsin assay may also not have altered management in patients without evidence of respiratory compromise. Due to the retrospective nature of the study, not all alterations to clinical management were able to be noted on chart review, due to incomplete data being available. In addition, a 47% overall clinician response rate to the questionnaire meant that not all alterations to treatment based on the results of the pepsin assay were available to the authors.
The main drawback of our study was its retrospective nature with the associated limitations of incomplete data on some of the variables. In addition not all the clinicians responded to the questionnaire. Although an enzymatic assay was used for the assay of pepsin in this study, our group currently uses an ELISA based on a monoclonal antibody to human pepsin A, and has found good correlation between the enzymatic assay and the ELISA in the same samples. Pepsinogen C has been detected in lung tissue due, presumably, to lung injury, pepsin and pepsinogen A are not locally found in the lungs 21, 31 . A recent study by Rosen et al 30 also found no evidence of pepsinogen A in bronchoscopy samples that were pepsin positive.
The strengths of this study lie in the large sample size, clinical correlation and information available directly from treating clinicians, which show that pepsin results were found useful and in some cases, altered patient management. This is the first study to investigate the clinical role of the assay in the management of children with GERD in whom reflux aspiration is suspected. The joint ESPGHAN-NASPGHAN clinical practice guidelines on the management of GERD 20 showed that pepsin assays of bronchoalveolar lavage fluid were an indicator of gastroesophageal related aspiration with Level B evidence. We hope that our study will provide further validation of the pepsin assay in the routine assessment of children with GERD and respiratory symptoms in who reflux aspiration is suspected. Further prospective outcome studies are necessary to determine if the modification of medical management and/or anti reflux surgery based on results of pepsin assay result in improved clinical outcomes in patients with reflux related lung disease. There is also a need to do prospective studies looking at the correlation between pepsin positivity and, not just the number of acid and non-acid reflux episodes and proximal migration of reflux episodes, but also symptom association indices using impedance testing in patients with chronic respiratory symptoms thought to be secondary to EORD. Studies comparing the results of pepsin assays performed via tracheal aspirates and BAL fluid with those done in saliva, exhaled breath condensate, sputum or nasopharyngeal secretions will help determine whether respiratory secretions obtained without intubation and tracheal suctioning would be adequate surrogate samples for pepsin assay in the future.
